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Abstract -  This study is a two-center clinical trial with the aim to assess the trea t­
ment effects of implant-retained mandibular overdentures versus conventional com ­
plete dentures. Treatment had been assigned according to a balanced allocation 
method. The following criteria were used to enhance the comparability of the 
treatment groups: age, gender, the edentulous period of the mandible, the num ber 
of previously made m andibular dentures, the number of years having worn the 
present m andibular denture and the symphyseal bone height, 151 patients with 
severely resorbed mandibles participated in the study, they were treated at two 
centers. Ninety-one patients received an implant-retained m andibular overdenture 
(IRO) and 60 patients a conventional complete denture (CD). Since some patients 
refused the allocated treatment the ‘'Intention To Treat" principle was applied. This 
implies that patients are evaluated in the originally allocated treatm ent group re­
gardless of the actual treatment they received. Patient’s experiences were evaluated 
before treatment and 1 yr after insertion o f  the new dentures. Results before 
treatment showed th a t  both treatment groups were comparable: they were dissatis­
fied with their m andibular denture and they could hardly chew tough or hard foods. 
One year after insertion of the new dentures the IRO-group was satisfied with their 
mandibular denture, whereas only one third of the CD-group was satisfied. With 
respect to the chewing ability the IRO-group scored significantly better than the
CD-group (/><0.0001).
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The continuous resorption of the alveo­
lar ridge after extraction of all teeth can 
eventually result in a jaw anatom y which 
offers inadequate support for dentures 
(I). Especially when the mandibular al­
veolar ridge has become severely reduced 
patients often complain about instability, 
pain and inability to  chew tough or hard 
foods. To improve denture retention and 
stability preprosthetic surgical tech­
niques such as ridge augmentation, vesti- 
buloplasty and lowering of the floor of 
the mouth were used up to 5 yr ago with
varying rates of success. Currently os- 
seointegrated implants seem to become a 
more reliable form of treatm ent for these 
patients,
A high rate of success has been docu­
mented in long-term studies for osseoin­
tegrated implants supporting fixed pros- 
theses in edentulous jaws (2, 3). Little a t­
tention, however, is paid to im plant- 
retained overdentures. Reports have been 
published only in recent years. S h o rt­
term results (4-6) as well as results of 5- 
yr longitudinal studies (7 , 8) seem to be
com parable to those of implants sup­
porting  fixed
Few studies have reported on patients 
with severely resorbed mandibles (Class 
VI, 9). T r ip l f .t t  el a i  ( 10) selected 2K 
subjects with a m andibular bone height 
of 10 mm o r  less who had been wearing 
an implant-retained prosthesis for al 
least I yr. Nineteen patients had a fixed 
prosthesis and  nine an overden Lure on 
Bm nem ark implants. The overall survi­
val-rate (of individual implants) was 94% 
1 yr after treatment. D o n a t s k y  ( l i )
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studied 26 patients with severe alveolar 
bone loss who were eligible for vestibu- 
loplasty and lowering of the floor of the 
mouth with skin graft. They were treated 
with Brânemark implants and ball-at- 
tachments to stabilize an overdenture. A 
success-rate of 97% 1 yr after treatment 
was reported. Both studies, however, are 
retrospective and mainly focused on clin­
ical aspects.
Although considerable advancements 
have been made with osseointegrated im­
plants during the last decades random­
ized controlled clinical trials have been 
lacking. In spite of recommendations to 
perform phase-III randomized clinical 
trials (12-15), most studies are not com­
parative since only one implant-system 
was used without a control-treatment. 
K a p u r  (13) published about treatment 
with implants in a randomized clinical 
trial. In partially edentulous patients he 
compared the effectiveness of fixed par­
tial prostheses retained by a blade-vent 
implant with removable partial prosthe­
ses dentures (Kennedy Class I). Only de  
G r a n d m o n t  et a l  and F e in e  et ai (18) 
reported about treatment with implants 
in a clinical trial with edentulous pa­
tients. They compared different types of 
implant-retained prostheses: fixed and 
removable prostheses. No studies of 
edentulous patients with severely re­
sorbed mandibles have been published in 
which different implant systems were 
compared. For that reason a two-center 
randomized clinical trial was started. 
The aim of the study was to compare the 
treatment effects of implant-retained 
mandibular overdentures, using different 
implant-systems, with new conventional 
complete dentures. Clinical as well as pa­
tient-related aspects were evaluated. In 
this paper the design of the study is pre­
sented. Special attention is paid to pa­
tient selection, randomization and treat­
ment refusal. The results will focus on 
the subjective chewing ability.
Material and methods
Patient selection -  The subjects selected 
for this study were edentulous patients 
with severely resorbed mandibles and 
persistent problems wearing convention­
al complete dentures. They were referred 
by general practitioners to a University 
clinic. Two clinics participated in this 
study, e.g. the Department of Oral and 
Maxillofacial Surgery and Maxillofacial
Prosthodontics (University Hospital 
Groningen) and the Department of Oral 
Function and Prosthetic Dentistry and 
the Department of Oral and Maxillo­
facial Surgery (University of Nijmegen). 
The subjects were screened for their eligi­
bility by a prosthodontist and an oral 
surgeon. To select patients with severely 
resorbed mandibles the mandibular sym- 
physeal bone height was measured on a 
standardized lateral cephalogram. Pa­
tients with a bone height of 15 mm or 
less were eligible. The criteria for inclu­
sion in the clinical trial are summarized
in Table 1.
Study design and sample size -  The de­
sign of the study differed in one aspect 
between the two centers: the ethical com­
mittee at the University of Nijmegen 
gave approval for a randomized clinical 
trial, i.e. eligible patients were asked to 
give their written consent for participa­
tion in the trial before allocation of 
treatment took place; at the University 
of Groningen the ethical committee re­
quired pre-randomization (randomized 
consent trial; 19, 20), i.e. treatment was 
allocated before patients gave their writ­
ten consent. Since some patients refused 
treatment after allocation, the “Intention 
To Treat” principle was applied (20, 21). 
This implies that patients are evaluated 
in the originally allocated treatment 
group regardless of the actual treatment 
they received.
The sample size was aimed at 150 sub­
jects: 90 subjects were to receive an Im­
plant-Retained mandibular Overdenture 
(IRO) and 60 subjects a Conventional 
mandibular Denture (CD), Three dif­
ferent implant systems were applied: (a) 
the Brânemark-system (Nobelpharma, 
AB, Göteborg, Sweden), a titanium 
screw-type cylinder; (b) the IMZ-system 
(Friedrichsfeld, Mannheim, Germany), a 
titanium cylinder with titamum-plasma- 
spray coating; and (c) the transmandib- 
ular implant-system according to Bosker 
(Krijnen, Medical By Beesd, the Nether­
lands), consisting of a baseplate, four 
posts and five cortical screws made of a 
gold-alloy. A conventional mandibular
denture served as control treatment. All 
patients received a new maxillary den­
ture. To be able to study the surplus val­
ue of implant-retained overdentures 
compared to conventional complete den­
tures all groups with implant-retained 
overdentures were taken together.
Treatment assignment -  Treatment was 
allocated using a balancing procedure 
(22), aiming at an equal distribution of 
patients over the treatment groups re­
garding variables that may interfere with 
the outcome of the study (balancing cri­
teria). In this trial the criteria were age, 
gender, the edentulous period of the 
mandible, the number of previously 
made mandibular dentures, the number 
of years having worn the present man­
dibular denture and the symphyseal bone 
height of the mandible. A computer-pro- 
gram was used for the allocation of pa­
tients to the treatment groups.
Surgical and prosthodontic proce­
dures -  In case of permucosal implants 
according to the Brânemark- (23) and 
IMZ-system (24) two fixtures were inter- 
foraminally inserted under local anesthe­
sia. Patients were not allowed to wear the 
mandibular denture during the first 2 
weeks after surgery. After initial wound 
healing the denture was adjusted with a 
soft-liner and a soft diet was prescribed. 
After a healing period of 3 months the 
second stage surgery was performed (i.e. 
abutment connection). The mandibular 
overdentures were supported by a single 
bar-clip attachment.
The transmandibular implant accord­
ing to Bosker (25) was inserted under 
general anesthesia. The day after surgery 
the superstructure was placed, consisting 
of a triple-bar construction with cantile­
ver extensions. During a period of three 
months patients were not allowed to eat 
solid food or to wear the mandibular 
denture. After this period the manufac­
turing of the new maxillary denture and 
the mandibular overdenture was started.
In all treatment groups the dentures 
were manufactured with an optimal lit 
and according to the balanced occlusion 
principle.
Table 1. Inchision-criteria
1. No history of preprosthetic surgery (e.g. vestibuloplasty)
2. A mandibular symphyseal bone height of less than 15 mm, but more than 8 mm as measured 
on a standardized lateral cephalogram.
3. No implants inserted before, either in the mandible or in the maxilla.
4. The absence of medical risks interfering with the treatment or with (expected) implant succcss.
Patient's experiences -  Before treat­
ment and 1 yr after insertion of the new 
dentures patients were asked whether 
they were satisfied with their dentures in 
general, their mandibular and maxillary 
denture separately, and their chewing 
ability in general. They were also asked 
to rate their opinion about their chewing 
ability of eight different types of food. 
The items were measured on a 3-point 
ordinal scale. Factor and reliability anal­
yses were carried out on the questions 
about types of food. On the initial scores 
three factors appeared: “soft food” (e.g. 
vegetables), “tough food” (e.g. steak) 
and “hard food55 (apple, carrot). The re­
liability coefficients Cronbachs’ a ap­
peared to be quite satisfactory for all 
factors, 0.74, 0.80 and 0.81, respectively. 
Final scores were calculated as the mean 
of the item score, ranging from 0 (good) 
up to 2 (bad). One year after treatment 
the scale structure was checked. Changes 
in the originally constructed scales were 
not necessary. Only the scale “soft food” 
is left out in further analysis because it 
did not vary after treatment: all patients 
were able to eat soft food.
Statistical analysis -  Differences in 
treatment were analyzed using a 2-way 
ANOVA, according to treatment and 
center to correct for possible confound­
ing, The data obtained at the 1 yr evalua­
tion were used to analyze the differences 
between the 1RO and CD groups rather 
than comparing the data before with the 
data after treatment (“difference 
scores”).
The “difference scores'* were not ana­
lyzed for several reasons. Firstly, the 
measurement-error is encountered twice 
in the “difference scores”, while in the 
data of the 1 yr evaluation the measure­
ment-error is encountered only once. 
Secondly, the initial situation of the pa­
tients with respect to the quality of the 
complete dentures may have shown con­
siderable differences. Thirdly, “difference 
scores” may be subjected to a “Regres­
sion to the Mean” effect (26) since the 
participants may be regarded as an ex­
treme group of patients, given their re­
quest for treatment (self selection).
Results
Sample sample ~ During the enrolment 
period from December 1989 till Septem­
ber 1991 treatment was allocated to 157 
patients. Table 2 shows that 148 patients
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were treated according to allocation and
9 patients refused the allocated treat­
ment. For the patients who refused the 
allocated treatment, the “Intention To 
Treat” principle was applied, as men­
tioned before.
At the baseline the IRO group con­
sisted of93 patients: 88 of them received 
an imp I ant-retained mandibular over- 
denture and a maxillary denture. The five 
patients who refused the allocated treat­
ment did not want surgery and did not 
ask for any other treatment. One year af­
ter insertion of the new dentures, two pa­
tients were lost to follow-up; they refused 
evaluation.
The CD group consisted of 64 patients 
at the baseline. Sixty of them received a 
set of conventional complete denture and 
four refused the allocated treatment. 
One patient wanted implants, one 
thought the treatment was too expensive 
and the other two did not expect any real 
improvement of new dentures. The pa­
tient who wanted implants received this 
treatment, but was excluded from the 
study The other three patients did not 
ask for further treatment. At the 1-yr 
evaluation four patients were lost to fol­
low-up: one died and three refused eval­
uation.
Since six patients did not participate 
in the 1-yr evaluation, 151 patients re­
mained. This group consisted of 116 fe­
males and 35 males, their age varied 
from 35 to 84 yr, with an average of 56 
yr (sd 9 yr). The characteristics of the 
patients and balancing criteria are pre­
sented in Table 3. The comparability of 
all groups before treatment was tested by 
analysis of variance (2-way ANOVA) for 
the following variables: age, gender, 
edentulous period of the mandible and 
the maxilla, the number of mandibular 
and maxillary dentures, the age of the 
present mandibular and maxillary den­
ture and the mandibular bone height. No 
significant differences were found except 
for the edentulous period in the mandi­
ble and the maxilla: the CD group was 
edentulous for a significantly longer 
period than the IRO group.
Patient's experiences -  Fig. [. shows 
the percentages of the answers to the 
questions about satisfaction with the 
dentures in general, the mandibular and 
maxillary denture separately, and chew­
ing ability before treatment. Patients in 
the IRO and CD groups were dissatisfied 
with the function of their dentures in 
general and especially the mandibular 
denture. The mean scores before treat-
Table 2. Patients treated or not treated according to allocation
Treatment 
according to 
allocation
Treatment not 
according to 
allocation Total
baseline 1 yr baseline 1 yr baseline drop-on l 1 yr
IRO 88 86 5 5 93 T 91
CD 60 56 4 4 64 4 60
Total 148 142 9 9 157 6 151*
* Subjected to “Intention To Treat" analysis.
Table 3. Patient characteristics and balancing criteria {mean (sd) or percentages <%)}.
Age in yr1 (sd)
Gender1 Male (%)
Female (%)
Center Groningen (%)
Nijmegen {%)
Edentulous period mandible in years1 (sd) 
Edentulous period maxilla in years (sd) 
Number o f  mandibular dentures1 (sd) 
Number of maxillary dentures (sd)
Age present mandibular denture1 (sei)
Age present maxillary denture (sd) 
Mandibular bone height in mm1 (sd)
IRO 
(//•"-91 )
CD 
{/j - 6 0 ) Toi ill
54 (9) 58 (10) 56 (9)
21 25 23
79 75 77
32 52 40
68 48 60
22 (8 ) 25 (9) 23 (9)
24 (8 ) 28 (9) 26 (9)
3 (1.5) 3 ( 1 ) 3(1)
3 (1.5) 3(1) 3(1)
6 ( 5 ) 7 ( 5 ) 7 (5)
7 ( 5 ) 7 ( 5 ) 7 (5)
13.6(1.5) 13.4 (2.0) 13.5 (1.7)
Balancing criteria.
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Fig. L  Distribution in 
percentages of an­
swers to the questions 
about denture satis­
faction before treat­
ment.
1 = satisfied, 2 = neutral, 3 = dissatisfied
general:
upper:
lower:
eating:
Are you satisfied with your dentures in general?
Are you satisfied with your upper denture?
Are you satisfied with your lower denture?
How satisfied are you about eating with your dentures?
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Fig. 2. Distribution in 
percentages of answers 
to the questions about 
denture satisfaction 1 yr 
after treatment.
1 «  satisfied, 2 -  neutral, 3 =  dissatisfied
general:
upper:
lower:
eating:
Are you satisfied with your dentures in general?
Are you satisfied with your upper denture?
Are you satisfied with your lower denture?
How satisfied are you about eating with your dentures?
ment of the chewing ability scale “tough 
food” (range 0-2) were for the IRO 
group 1.08 (sd 0.61) and the CD group 
0.97 (sd 0.56); for the scale ‘hard food’ 
(range 0-2) the scores were 1.75 (sd 0.49) 
and 1.85 (sd 0.30) respectively. The re­
sults show that the majority of'the pa­
tients had some or considerable prob­
lems chewing tough or hard foods. Com­
paring the IRO group with the CD 
group no significant differences were 
found for either scale (2-way ANOVA).
One year after insertion of the new 
dentures the IRO group is satisfied in all 
aspects (Fig. 2). Of the CD group less
than one third is satisfied with the man­
dibular denture, one third is dissatisfied 
and the others are neutral; with respect 
to the dentures in general 64% is satis­
fied. Table 4 shows the results of the two 
chewing ability scales. The answers to
Table 4. Chewing ability 1 yr after treatment
the most representative question of each 
scale are presented in Figs. 3 and 4. To 
the question “Are you able to eat a 
steak?” 83% of the IRO group and only 
32% of the CD group answered positive­
ly. ‘Biting off a carrot’ is still causing 
problems for 43% of the IRO group and 
93% of the CD group. The mean scores 
on both scales showed significantly 
better scores ( j P < 0 . 0 0 0 1 )  for the IRO 
group compared to the CD group (2-way 
ANOVA).
Discussion
In a clinical trial the experience of a 
group of patients on the new treatment 
is always evaluated by comparing it to a 
control group. In this trial of implant- 
retained overdentures in patients with se­
verely resorbed mandibles the standard 
treatment was chosen to be conventional 
complete dentures. An option might 
have been ridge augmentation combined 
with vestibuloplasty and lowering of the 
floor of the mouth, followed by a set of 
new complete dentures. But this treat­
ment option has several disadvantages. 
The gain in height of the alveolar ridge 
will diminish in the years after surgery 
and mental nerve disturbances will oc­
cur. S t o e l i n g a  (27) reported 48% loss 
within 5 yr after surgery, F r e ih o f e r  & 
H o p p en re ijs  (28) 50%; moreover, 29% of 
the mental nerves showed disturbance in 
function 1 yr after augmentation (28). 
Taking into account these disadvantages, 
ridge augmentation was not considered 
to be a realistic control-treatment.
The study was started in the fall of 
1989. It took until September 1991 to se­
lect 157 patients who were eligible and 
willing to enter this clinical trial. The 
long intake period can be partly ex­
plained by the inclusion-criteria (Table 
1): only patients with severely resorbed 
mandibles were allowed to enter the 
study. Furthermore the balancing proce­
dure was an uncertain factor for the pa­
tients. There was a chance on implant 
treatment under general or local anesthe-
IRO (/i=91) 
mean (sd)
CD («=60)
mean (sd) Significance*
Tough food 
Hard food
* 2-way ANOVA; range 0- 2 .
0.19 (0.43) 
0.64 (0.67)
0.72 (0.63) 
1.51 (0.61)
P<0.0001
P<0.0001
sia and treatment with just a new set of 
dentures. Therefore several patients re­
fused consent.
At entry into the trial the objectives 
and the consequences of participating in 
the trial were carefully explained to all 
patients to reduce treatment refusal. 
Nevertheless, nine of the 157 selected pa­
tients refused treatment after allocation 
had taken place. To prevent selection 
bias the “Intention To Treat” principle 
was applied (20, 21). This means that all 
patients are evaluated in the originally 
allocated treatment group regardless of 
the actual treatment they received. In 
consequence the contrast between the 
two treatment groups has probably di­
minished because patients who had re­
fused implant treatment and had not re­
ceived any treatment at all were eval­
uated in the IRO group and, conversely, 
patients who had refused complete den­
tures and received implant treatment 
were evaluated in the CD group. An al­
ternative way to handle this problem was 
to evaluate only those patients who had 
received the allocated treatment. This 
would introduce selection bias with re­
spect to motivation when comparing the 
IRO with the CD group. The contempo­
rary opinion in clinical epidemiology is 
to avoid selection bias and to choose the 
“Intention to Treat’1 principle (29).
The randomization method used for 
assignment of treatment to patients re­
sulted in two groups with comparable 
general characteristics at entry; only the 
mean edentulous period for both the 
maxilla and the mandible differed sig­
nificantly between the two treatment 
groups. Patients’ denture satisfaction be­
fore treatment was also comparable, as 
expected (Fig. 1). The same can be con­
cluded for the chewing ability scales be­
fore treatment: there were no significant 
differences between the IRO and CD 
group.
One year after insertion of the new 
dentures the majority of the patients of 
the IRO group were satisfied with their 
dentures and their chewing ability (Figs. 
2-4).
Of the CD group only one third was 
satisfied with the mandibular denture. 
This was less than expected and not con­
sistent with reports of V an  W aas et al 
(30) and K a l k  et al. (31), In their study 
they compared three groups of patients: 
one group treated with vestibuloplasty 
and lowering of the floor of the mouth,
Implant retained over dentures versus complete, dentures 83
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the answers to the ques­
tion: ‘A re  you able to 
eat a steak?”
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Fig. 4. Percentages of 
the answers to the ques­
tion: “Are you able to 
bite off a carrot?”
70%
60%
50%
40%
30%
20%
10%
IRO
one group with severely resorbed mandi­
bles and one group with normal ridges. 
All groups had the same high degree of 
denture satisfaction.
The answers of the CD group to the 
question about denture satisfaction in 
general did not correspond with those 
about the mandibular denture: about 
two-thirds were satisfied with their den­
tures in general, while one-third was sat­
isfied with the mandibular denture. This 
could be explained by the high rate of 
satisfaction with the maxillary denture.
One year after insertion of the new 
dentures the IRO group scored signifi­
cantly better than the CD group on the 
chewing ability scales. These results are 
in accordance with those of 
L in d q u is t  & C a r l s s o n  (32) for fixed 
prostheses. They found that the chewing 
ability improved significantly after inser­
tion of mandibular fixed prostheses. 
The results of H a r a l d s o n  et a l (33) 
seem to be in contrast with the results 
of this study. They reported no signi­
ficant improvement in chewing ability 
after treatment with an implant-retained
mandibular overdenture. However, both 
these studies have several limitations: 
the numbers of patients in these studies 
were small (27 versus 9), the selection of 
patients for treatment may have dif­
fered, treatment was not randomly as­
signed to the patients and no control 
group was included. The study of dm 
G r a n d m o n t  et al. (17) does not have 
these design flaws. In a cross-over clin­
ical trial patients assigned significantly 
higher scores to mandibular fixed pros­
theses as well as implant-retained man­
dibular ove rd en tu res with respect to 
chewing ability. The results of our study 
are in accordance with the results of m  
G r a n d m o n t  et a l  (17),
The mean scores of the chewing ability 
scales and the diagrams in Figs. 3 and 4 
show that the CD-group still had prob­
lems with chewing tough and hard food. 
These results correspond with those of 
G u n n e  & W a l l  (34). They reported that 
new conventional complete dentures im­
proved the subjective chewing ability, but 
that chewing tough or hard foodstuffs 
was difficult.
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Comparing the results before and af­
ter treatment for the CD group the mean 
scores for the chewing ability scales have 
improved slightly. Patients were also 
more positive about their complete den­
tures in general and mandibular and 
maxillary denture separately after treat­
ment. Conclusions, however, should be 
drawn with caution as a non-treated 
group was not included in this study and 
the improvement of the CD group may 
also be due to a “regression to the mean” 
effect (26). This could indicate some im­
provement for statistical reasons, with­
out any real treatment benefit.
Due to the two-center design of the 
study with a randomized treatment as­
signment this clinical trial provides a 
high external validity. The results are val­
id for groups of denture wearers with 
persistent problems caused by severe re­
sorption of the mandible, who are re­
ferred to a University Clinic. After the 
first year, results are positive for the im­
plant group and negative for the com­
plete denture group. However, the long­
term results remain to be evaluated in 
the future to assess the real benefits of 
this promising implant overdenture ther­
apy,
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